The vast majority of CD4 ⍣ T cells infiltrating into gastric mucosa (GM) and in the draining (gastric) lymph node (GLN) shows an activated/memory phenotype, CD45RB low L-selectin low CD44 high , in neonataly thymectomized BALB/c mice bearing autoimmune gastritis (AIG), indicating that these cells are actively involved in this disease. CD4 ⍣ T cells sort-purified from GLN expressed mRNAs encoding for both IFN-γ and IL-4. However, those infiltrating into GM expressed very low levels of IL-4 mRNA, even though they strongly expressed IFN-γ mRNA. Among CD4 ⍣ T cells separated from AIG mice expressing detectable levels of either IFN-γ or IL-4 by intracellular staining, less than oneseventh expressed IL-4 and thus most of them expressed IFN-γ in GM, whereas roughly half and one-third expressed IL-4 in GLN and spleen respectively. These findings indicate that the T h 1 cells predominantly infiltrate into autoimmune lesions and T h 2 cells are mainly resident in the regional LN. We further set up an in vitro model system of transendothelial migration using a murine endothelial cell line, F-2, and found that T h 1 cells in CD4 ⍣ T cells separated from lymphoid tissues of AIG mice preferentially passed through the monolayer of endothelial cells while only a small portion of T h 2 cells did so. This differing ability of transendothelial migration and localization might explain the dominance of T h 1 cells destroying the tissue in focal lesions without inhibition by the T h 2 cells, in spite of both subsets being simultaneously activated in AIG mice, and the functions of each T cell subset seems to be mutually exclusive.
Introduction
Target-or organ-specific autoimmune diseases can be classified into two categories, autoantibody-induced such as autoimmune hemolytic anemia (1-3) and T cell-mediated such as insulin-dependent diabetes (4) . Different from those caused by autoantibodies (3), the onset and effector of the T cellmediated autoimmune diseases are not well characterized, probably due to difficulties in producing simple models that are easy to reproduce. Autoimmune gastritis (AIG) after neonatal thymectomy is one (of few) good experimental model for T cell-mediated autoimmune disorder (5-7) and is easily induced at a high incidence, in~50-80% of BALB/c mice that have undergone thymectomy at 2-4 days after the birth (d3-Tx). It has been suggested that T cell-mediated autoimmunities are mainly dependent on CD4 ϩ T cells (4, (8) (9) (10) (11) . AIG is also shown to be primarily caused by self-reactive CD4 ϩ T cells, because it is transferable into syngeneic nude mice by the transfer of CD4 ϩ T cells but not by CD8 ϩ T cells nor autoantibodies from suffering mice (7, 12) , even though Correspondence to: A. Shimizu Transmitting editor: M. Miyasaka Received 28 April 1998, accepted 25 May 1998 autoantibodies against gastric parietal cell are seen in the sera together with tissue-destructive lymphocytic infiltration into gastric mucosa (GM). Major self-antigens of this disease are suggested to be peptides on MHC class II derived from H ϩ /K ϩ -ATPase (proton pump) (13) (14) (15) synthesized in parietal cells. Indeed, a CD4 ϩ T cell clone (II-6) which responds to a peptide from the α subunit of H ϩ /K ϩ -ATPase and can induce AIG by transfer into BALB/c nu/nu mice was established (16) , and we recently found that T cells carrying TCR similar to the II-6 clone frequently appear in the GM of d3-Tx AIG mice (17) . CD4 ϩ T cells are further divided into two subpopulations named T h 1 and T h 2 based on the profiles of their cytokine production (11, (18) (19) (20) (21) . T h 1 cells produce IFN-γ, IL-2 and lymphotoxin (so called T h 1 cytokines), and promote cellmediated immune responses, whereas T h 2 cells produce distinct cytokines (T h 2 cytokines) such as IL-4, IL-5, IL-10 and IL-13, which mediate allergic responses or humoral immune responses through supporting B cell activation. Each set of cytokines shows counter-inhibitory effects against the other, and thus the effect of each subset seems to be mutually exclusive in vitro and in vivo (18) (19) (20) (21) . Actually, in some immune responses, one of them dominates to elicit suitable immune reactions according to the nature of the antigens (18) (19) (20) (21) (22) . Of the two subsets, T h 1 cells are reported to be primarily responsible for promotion of tissue destruction in several autoimmune diseases. The facts that exacerbation of disease can be protected either by administration of antibodies against T h 1 cytokines or by T h 2-type cytokines themselves (11, (23) (24) (25) (26) (27) ) support this notion. It has been also suggested that T h 1 cells are the direct effector which destroy parietal cells in AIG because they express Fas ligand (28) , and, on the other hand, parietal cells in AIG express MHC class II, Fas and ICAM-1 which are not expressed normally (29) . Indeed, the disease-transferable II-6 clone has the T h 1 phenotype, expresses Fas ligand on the surface, produces IFN-γ and can kill the target cells expressing MHC class II (I-A d ) pulsed with antigen peptide (29) .
In addition to tissue destructive inflammation seen in the mucosal lesion, however, simultaneous production of autoantibody and correlation between disease progression and autoantibody titer (10,30) strongly suggest that not only T h 1 but also T h 2 cells are activated in AIG mice at the same time. This phenomenon seems to be rather contradictory to the fact that the functions of T h 1 and T h 2 cells are apparently mutually exclusive. It is very interesting to know how the activation of both T h 1 and T h 2 subsets is managed not only for a better understanding of T cell-mediated autoimmunity such as AIG but also for that of immune responses in general, since both T cell-mediated killing or tissue destruction and antibody or autoantibody production are often seen in the same individuals in many immune or autoimmune reactions. In this paper we analyze the phenotypic characteristics of CD4 ϩ T cells involved in d3-Tx-induced AIG. We further focused on the difference between the activated T h 1 and T h 2 subsets of AIG mice in localization at the loci of inflammations and in the ability of transendothelial migration (TEM) to elucidate the mechanism of such co-activation.
Methods
Mice and neonatal thymectomy BALB/c or BALB/c nu/nu mice of appropriate age, purchased from Japan SLC (Shizuoka, Japan), were maintained and mated at the Experimental Animal Facility, Faculty of Medicine or the facility in the Center for Molecular Biology and Genetics, Kyoto University. Three days after birth, normal BALB/c mice underwent thymectomy (d3-Tx), as described previously (31) . After 2-4 months, AIG-developed thymectomized mice (AIG mice) were used for experiments.
ELISA and histology
Autoimmune gastritis was diagnosed by the detection of autoantibodies in sera of thymectomized mice and confirmed by histological examination. Autoantibodies in sera or culture supernatants were detected by ELISA using total microsomal fractions extracted from glandular stomachs of BALB/c mice as antigen and o-phenylenediamine as the substrate (32) . To confirm the specificity of autoantibody against GM, control experiments were performed using microsomes from liver or kidney as antigen in the same assay system. Goat anti-mouse Ig (anti-mouse IgG, L ϩ H chain specific), anti-mouse IgG1 or anti-mouse IgG2a (Caltag, Burlingame, CA) conjugated with horseradish peroxidase was used for developing the antibody. For histological examination, stomachs were fixed in 10% formalin, embedded in paraffin, sectioned and stained with hematoxylin & eosin.
Preparation of infiltrating cells
To collect mononuclear cells infiltrating into GM, inflamed glandular stomachs were isolated from AIG mice and their contents washed with Hanks' balanced solution. Then 10% FCS/RPMI medium (RPMI 1640 supplemented with 10% FCS, 50 µM 2-mercaptoethanol, 100 U/ml penicillin and 100 µg/ml streptomycin) was injected into submucosa of stomachs followed by dissection into small pieces to release infiltrating cells. Cells were used for further experiments after removing large tissue debris by passing through cotton in a funnel.
Flow cytometric analysis and cell sorting
Approximately 10 6 cells were stained by combinations of antibodies described below. For direct staining; phycoerythrin (PE)-anti-CD4 (GK1.5; Becton Dickinson, Mountain View, CA). For indirect staining; biotin-anti-CD45RB (16A; PharMingen, San Diego, CA), anti-L-selectin (MEL-14; Caltag) or culture supernatants of hybridomas; KM201 (anti-CD44, rat IgG1), FD441.8 (anti-LFA-1, rat IgG2b) and PC-61 (anti-CD25, rat IgG1) using FITC-streptavidin or Cy5-anti-rat IgG (Amersham, Tokyo, Japan) as the secondary reagents. Stained cells were analyzed by a FACScalibur flow cytometer and CellQuest software (Becton Dickinson). For separation of CD4 ϩ T cells into CD45RB high and CD45RB low populations, infiltrating cells in GM or cells from regional lymph nodes (LN) were stained with anti-CD45RB followed by Cy5-anti-rat IgG and PE-anti-CD4, and CD4 ϩ cells were fractionated into two populations based on the high or low expression of CD45RB by a FACS Vantage cell sorter (Becton Dickinson).
RT-PCR and Southern hybridization
RT-PCR and Southern hybridization were performed basically as described (33, 34) . Total RNA was extracted from sorted cells using TRIzol Reagent (Gibco/BRL, Gaithersburg, MD) according to the manufacturer's instructions. To synthesize first-strand cDNA, 100 ng-2 µg of total RNA was reverse transcribed by avian myeloblastosis virus RT (Seikagaku, Tokyo, Japan) and oligo(dT) [12] [13] [14] [15] [16] [17] [18] primer (Pharmacia Biotech, Tokyo, Japan). Specific cDNAs were amplified with Taq DNA polymerase (Takara Shuzo, Otsu, Japan), using specific primers. Complementary DNAs corresponding to the reverse transcript of 0.25-1 ng of total RNA were amplified by PCR of a total 25 µl. All PCR were carried out with 35 cycles of denaturation at 95°C for 20 s, annealing at 55°C for 2 min, extension at 72°C for 1 min with 2 s increase of each cycle followed by polymerization for 10 min at 72°C using a DNA thermal cycler (Perkin-Elmer Cetus, Norwalk, CT). We chose these amounts of template cDNAs and amplification cycles so that the amount of the products are still exponentially increasing and reflecting the content of the specific mRNA.
We confirmed this titration of mRNAs by experiments changing the cycles of amplification in which the increment of template cDNAs and additional cycles of amplification necessary to give the same amount of products corresponded very well. Primers used were as follows; IFN-γ sense 5Ј-ATCCTGCAGA-GCAGATTATC-3Ј, antisense 5Ј-TACTCGAGTCAGCAGCGA-CTCCTTT-3Ј, IL-4 sense 5Ј-ATGGGTCTCAACCCCCAGC-TAGT-3Ј, antisense 5Ј-GCTCTTTAGGCTTTCCAGGAAGTC-3Ј, β-actin sense 5Ј-TCAGAAGGACTCCTATGTGG-3Ј, antisense 5Ј-TCTCTTTGATGTCACGCACG-3Ј. Then 5 or 1 µl each of PCR product was electrophoresed, transferred onto a nylon membrane and hybridized with 32 P-labeled cDNA probes. Probes were purified inserts of cDNA clones made by cloning PCR amplified fragments into pGEM-T vector (Promega, Madison, WI). Autoradiographs were analyzed using a BAS 5000 Bio-image analyzer (Fuji Film, Tokyo, Japan).
Intracellular cytokine staining Expression of IFN-γ and IL-4 in CD4 ϩ T cells was examined by the intracellular staining method, using a Cytostain kit (PharMingen). Cells (10 6 ) were incubated with phorbol myristate acetate (50 ng/ml) and ionomycin (500 ng/ml) in 1 ml of 10% FCS/RPMI medium for 3 h followed by an additional 3 h incubation with 0.6 µl of GolgiStop (containing monensin; PharMingen). Then, cells were stained with anti-CD4 antibody (GK1. TEM assay CD4 ϩ T cells used in the TEM assay were prepared from AIG mice by a panning method to adsorb out other cell types. Briefly, spleen or lymph node cells were stained by the mixture of anti-HSA (J11D), MHC class II (TIB120), FcγRII/III (2.4G2) and CD8 (HO-2.2) culture supernatant of hybridomas followed by plating onto culture dishes coated by goat anti-rat IgG antibody (polyclonal; Caltag) and unbound cells were collected. The purity of CD4 ϩ was monitored by flow cytometry and was Ͼ90%. Then 2.5ϫ10 5 cells of the murine endothelial cell line, F-2 (35,36), were cultured on Transwell plates (24 mm diameter, 8 µm pore size; Corning Coaster, Tokyo, Japan) with 10% FCS/DMEM for 2 days to make a confluent monolayer. For the TEM assay, AIG-derived CD4 ϩ T cells were applied onto the F-2 cell monolayer with 10% FCS/RPMI, and, after 4 h of incubation, cells were recovered from the upper and lower compartments. The recovered and input cells were used for RNA extraction to semi-quantify mRNAs by RT-PCR followed by Southern hybridization or for intracellular cytokine staining as described above.
Results and discussion
CD4 ϩ T cells in AIG mice show a marked activated/memory phenotype in gastric lymph node (GLN) and GM After neonatal thymectomy, between 2 and 4 days after birth (d3-Tx), BALB/c mice develop various organ-specific autoimmune diseases such as gastritis, thyroiditis, oophoritis or orchitis (5) (6) (7) 12, 37) . Among such symptoms, gastritis appears most frequently;~60% of animal treated with d3-Tx. Previous studies have shown that CD4 ϩ T cells in lesions of some other autoimmune disorders have an activated/memory phenotype (38-40), i.e. low level or no expression of naive/ memory marker CD45RB and putative LN homing receptor L-selectin, and high level expression of various cell adhesion molecules, such as CD44, LFA-1.
To clarify the effector cells in AIG, the phenotypic characteristics of CD4 ϩ T cells from GM and GLN (draining lymph node of GM) of AIG mice were analyzed by staining with antibodies against CD45RB and other surface markers. In AIG mice, Ͼ90 and 70% of GM infiltrating and GLN cells respectively expressed a low level of or no CD45RB molecules, while Ͼ70% of CD4 ϩ T cells in spleen, LN and GLN (almost identical profile to LN) of normal mice were CD45RB high (Fig. 1a) . Although CD4 ϩ cells isolated from GM of normal mice were insufficient to give a conclusive result, these cells seem to express low levels or no CD45RB (data not shown). Increased numbers of CD45RB low CD4 ϩ T cells were also seen in spleen (62%) and LN (58%) of AIG mice,, although the percentages of activated/memory cells were obviously lower than that of GLN (Fig. 1a) . The majority of CD4 ϩ T cells in AIG mice expressed little L-selectin, and a high level of CD44 and LFA-1 (Fig. 1b) , in contrast to normal LN in which most CD4 ϩ T cells showed a L-selectinhigh CD44 low LFA-1 low (naive) phenotype. Other than adhesion molecules, the expression of CD25 was up-regulated, especially in GM CD4 ϩ T cells (Fig. 1b) . These results indicated that a number of CD4 ϩ T cells in AIG mice systemically show an activated/memory phenotype due to the effect of d3-Tx and correspond well to the systemic appearance of autoimmune symptoms other than AIG. In particular, we demonstrated that GLN of AIG mice have a higher content of CD4 ϩ T cells with an activated/memory phenotype compared to other lymphoid organs. In addition, the fact that almost all the infiltrating CD4 ϩ T cells into GM have this phenotype is noteworthy.
We then measured autoantibodies produced by equal numbers of mononuclear cells from GM, GLN, spleen and other lymph nodes of AIG mice which were cultured in vitro without exogenous antigen. Anti-GM microsome antibody was produced most effectively in the culture supernatants of GLN or GM-infiltrating cells (Fig. 2) , whereas autoantibody against microsomes from liver or kidney were undetectable (data not shown). Therefore, autoantibody specific to GM components is produced in a relatively restricted area, GLN and GM, in which higher contents of CD4 ϩ T cells with an activated/ memory phenotype were observed (Fig. 1a) . These findings suggest that further reactions against GM self-antigens occur at the GM and its draining LN, and thus these organs are the major sites of autoimmune reaction in AIG.
T h 1 cells predominantly infiltrate into GM, while T h 2 cells mainly reside in GLN Tissue destructive inflammation at sites of GM and anti-GM autoantibody production co-exist in our autoimmune model, and it seems that disease progression correlates to autoantibody titer (our unpublished data, 10,30). In addition, as 2 . Production of anti-GM autoantibody by the cells infiltrating into GM and those in lymphoid organs of AIG mice. Equal numbers (5ϫ10 5 ) of mononuclear cells from GM, GLN and spleen were cultured in 96-well plates for 2 days. Amounts of autoantibody secreted in the culture media were measured by ELISA as described in Methods and are shown as absorbance at 405 nm. Aliquots of culture media subjected to ELISA were chosen so that the resultant absorbance values were within the range linearly correlated to the amount of autoantibody (0.02-1.0). shown in Fig. 3 , autoantibodies not only of IgG2a subclass, production of which is augmented by IFN-γ (41), but also of IgG1 subclass, class switching to which IL-4 enhances (41), were detected in the sera of AIG mice. These findings strongly suggested that not only T h 1 but also T h 2 specific to GM selfantigens are sufficiently activated in the same individuals carrying AIG, but in relatively a restricted area, i.e. GLN and GM, as described above.
These observations, however, seem to be rather contradictory with the fact that the functions of the two subsets are mutually exclusive (18) (19) (20) (21) (22) , and raised the question whether the T h 1 and T h 2 subsets of CD4 ϩ cells are activated at the same place in AIG mice, especially at GM where suborganic compartmentation is difficult to imagine. Therefore, we analyzed the location of these subsets in AIG mice using expression of IFN-γ and IL-4 as markers for T h 1 and T h 2 cells respectively. Both CD4 ϩ CD45RB high (naive) and CD4 ϩ CD45RB low (activated/memory) T cells were purified from GM or GLN cells using a cell sorter (Fig. 4a) , and the mRNA expression of IFN-γ and IL-4 in both populations was assessed by RT-PCR followed by Southern hybridization. Since almost all the GM CD4 ϩ T cells belonged to the CD45RB low , activated/memory population, we could not collect enough of the naive population from infiltrating CD4 ϩ T cells. As shown in Fig. 4(b) , little cytokine mRNA was detected in the CD4 ϩ CD45RB high populations from every source, in Fig. 3 . IgG subclasses (IgG1 and IgG2a) of autoantibodies against GM in the sera of AIG mice. Autoantibodies in each serum were detected by ELISA as described in Methods. Titers of autoantibodies were defined as the highest dilution point at which the absorbance at 405 nm is Ͼ0.1 when test sera are serially diluted by 3-fold from 1/40 dilution. agreement with their 'naive' phenotype. In the case of the CD4 ϩ CD45RB low population, patterns of mRNA expression were different from each source. The collected cells from GLN of AIG mice expressed both of IFN-γ, and evidently a high level of IL-4 mRNAs. In sharp contrast, those from infiltrating CD4 ϩ T cells into the inflamed GM expressed much less IL-4 mRNA but an increased level of IFN-γ mRNA as compared to GLN. CD4 ϩ CD45RB low cells sort-purified from LN of normal mice, which are~20% of the total CD4 ϩ cells in LN, also expressed mRNAs of both cytokines at a lower amount than those produced by GLN CD4 ϩ CD45RB low cells in AIG.
We further confirmed the expression of IFN-γ or IL-4 in CD4 ϩ T cells as protein at the single cell level by an intracellular staining technique. Lymphocytes derived from normal or AIG mice were first stimulated by phorbol myristate acetate and ionomycin in vitro, followed by the treatment with monensin to stop the secretion of cytokines from the Golgi apparatus, and such cytokines trapped into Golgi were stained together with CD4 antigen on the cell surface. Roughly 20-30% of CD4 ϩ T cells from spleen, GLN and GM of AIG expressed detectable levels of either IFN-γ or IL-4 ( Fig. 5) , showing that the majority of CD4 ϩ T cells in AIG mice have an activated/memory phenotype. On the other hand, Ͻ6% and~3% of CD4 ϩ T cells from normal spleen and LN respectively expressed such cytokines (Fig. 5) , also correlating the finding that CD4 ϩ CD45RB low activated/memory cells were Ͻ30% of normal spleen or LN cells (Fig. 1a) . Among cells in GM of AIG mice producing either cytokine, only less than one-seventh (3.18% of total CD4 ϩ cells) expressed IL-4 and most of them (20.65% of total CD4 ϩ cells) expressed IFN-γ. In contrast, significant populations, roughly half (14.23% of total CD4 ϩ cells) and one-third (6.63% of total CD4 ϩ cells) of such cells in GLN and spleen of AIG mice respectively, expressed IL-4 (Fig. 5) .
These results both on the expression pattern of the landmark cytokine mRNAs in the sort-purified CD4 ϩ T cells (Fig. 4) and on the distribution of such cytokine-expressing cells observed by cytoplasmic staining (Fig. 5 ) are quite consistent with each other, and clearly indicated that IFN-γ producers, i.e. T h 1 cells are dominant at GM and IL-4 producers, and T h 2 cells are mainly resident in GLN.
Our observations are not from the auto-reactive T cells alone but from the activated T cells at the inflammation sites in total. However, auto-reactive T cells might not be insignificant among them since mRNA encoding TCR very similar to that of a T cell clone specific to the proton pump (autoantigen) in frequently detectable in GM of mice bearing AIG after d3-Tx (17). Therefore, it is possible to assume that auto-reactive T h 1 and T h 2 cells in this AIG model also show the similar, differential localization, although formal evidence is lacking. This differential localization of T h 1/T h 2 subsets even at closely located, but two anatomically distinct sites for autoimmune gastritis, i.e. inflamed lesions of GM and its GLN, might explain why tissue destructive inflammation can occur at GM in spite of the fact that the two subsets co-exist in the same animal, i.e. T h 1 cells predominantly localized in GM can further be activated without inhibitory effects of T h 2 cells by either autoantigen specific or non-specific manner. On the other hand, both T h 1 and T h 2 cells were observed in GLNthis apparent co-activation of both subsets might be managed by sub-organic structures such as germinal centers or follicles.
T h 1 but not T h 2 cells from AIG mice could easily transmigrate through a monolayer of endothelial cells in vitro
Since the primary cause of infiltration of effector cells into the inflamed tissue is migration of such cells across the blood endothelial wall into the region of inflammation (42) , the difference in the transmigration ability between two subsets of CD4 ϩ T cells into the inflamed lesion could be one of the reasons for the selective accumulation of T h 1 cells but not T h 2 cells in the GM of AIG mice described above. In order to test the possibility that the two subsets have different TEM ability, we set up an assay system using a murine endothelial cell line, F-2, as separator layer cells (Fig. 6 ). Similar systems were already shown to be a useful tool for studying TEM (43, 44) . In our system, CD4 ϩ T cells prepared from AIG mice were applied onto the confluent monolayer of F-2 cells growing on a pored polycarbonate membrane which is topologically equivalent to inner blood vessels, and after 4 h of incubatioñ 5-10% of input T cells reproducibly migrated across the endothelial monolayer and could be collected from the lower compartment equivalent to the tissue fluid of outer blood vessels (Fig. 6a) . We analyzed the expression levels of IFN-γ and IL-4 mRNAs of these transmigrated cells and compared them to those of input cells or cells remaining in the upper compartment. The transmigrated cells expressed substantial amounts of IFN-γ but little or no detectable IL-4 mRNA, in contrast to input cells or cells in the upper compartment they expressed plenty of both types of cytokines (Fig. 7a) . Almost the same results were obtained using cells from both of spleen and GLN of AIG mice (Fig. 7a, GLN and spleen) . This ability to support the selective transmigration seems to be specific to some kinds of endothelial cells since very few cells were recovered from the lower compartment when NIH 3T3 cells were used as the separator layer instead of F-2 cells. Furthermore, in such cells (Ͻ1% of input cells) recovered Total RNA extracted from each population was subjected to RT-PCR analysis followed by Southern hybridization as described in Methods. cDNAs serially diluted 2 times were used for the PCR reaction and starting amounts of cDNAs for the dilution were normalized by the amounts of β-actin mRNA as shown in the bottom panels. RT-PCR/ hybridization results for IFN-γ mRNA (upper panels) and IL-4 mRNA (middle panels) of three dilution points of cDNAs from the sort-purified cells of CD4 ϩ CD45RB low and CD4 ϩ CD45RB high populations derived from the tissues indicated on top are shown.
from the lower compartment using NIH 3T3, neither of IFN-γ nor IL-4 mRNA were detected by RT-PCR even after normalization of the RNA amount (data not shown). On the other hand, no bias to the IFN-γ dominancy was seen in the cells which have simply passed through the Transwell pored membrane without a cell monolayer (data not shown). Intracellular staining of IFN-γ was also performed to analyze expression at the single cell level, as the marker for activated T h 1 cells. As shown in Fig. 7(b) , IFN-γ-producing T h 1 cells were highly concentrated in the transmigrated compartment of the TEM assay using spleen CD4 ϩ cells from AIG mice.
The fine molecular mechanism(s) to differentially localize T h 1 and T h 2 subsets in AIG mice is yet to be elucidated, but it is likely that cells of each subset have a distinct ability to infiltrate from the blood vessels into and/or to stay at the autoimmune lesion. In fact, our findings demonstrate that this is the case. We do not know, at this time, if this difference in TEM activity can be generalized to all the activated T h 1 and T h 2 cells, including those stimulated with given exogenous antigens, or not. However, the T h 1 predominance observed in the inflamed GM of AIG mice could be explained by the difference in TEM activity in vitro.
It is now well established that activated T cells differentiate into two distinct types of effector subpopulations, i.e. T h 1 and T h 2, and they follow distinct developmental pathways in response to quite different stimuli. Thus, it is likely that the differences in expression and/or functions of adhesion molecules could be responsible for the differential TEM ability of T h 1 and T h 2, possessing distinct function. At this time, differential expression of known adhesion molecules on these subsets has not been recognized; however, Austrup et al. have reported undetermined ligand(s) for P-or E-selectin exclusively expressed on the T h 1 cells at inflamed skin and arthritic joints (45) . In fact, P-and E-selectins are expressed on activated endothelial cells, and might act as the initial adhesive molecules for effector cells to migrate to inflamed sites and across the blood endothelium (46, 47) . Since multistep binding of lymphocytes to endothelium is required for many situations of TEM (46) , it is also possible that the difference is dependent on further transmigration steps other than the initial adhesion. We have no data on the differences in adhesive properties to F-2 cells between T h 1 and T h 2 cells from AIG mice. We are now investigating which steps and/or molecules are different between the T h 1 and T h 2 of AIG mice, and also whether such differences are intrinsic to T h 1 and T h 2 cells or reflection of difference of their activation in AIG.
It is very likely that selective transmigration of T h 1 cells is independent of the antigen specificity of them. Naturally, many of the GM infiltrating cells are not self-reactive but the cells activated as bystanders. However, preferential TEM ability of whole T h 1 cells including such bystanders could produce the environment of T h 1 dominance in the inflamed site and might facilitate to elicit self-antigen-specific T h 1 responses.
Our findings described here lead to the idea that, during the onset of T cell-mediated autoimmune disorders, selfantigen-reactive T h 1 cells, partly activated, that have escaped from negative selection or peripheral suppression (triggered T h 1 cells, due to d3-Tx in this experimental model) might selectively migrate into the locus of autoimmune reaction (GM in our model) and be further activated by contact with the self-antigens presented by MHC on the target cells (parietal cells in our model) and thus destroy them to induce inflammation. Selective migration of T h 1 cells might also facilitate subsequent inflammatory processes. T h 2 cells (also triggered) might stay at the draining LN (GLN in our case) and be further activated by the self-antigens released from the lesion by tissue destruction. They support autoantibody production and might become memory cells. Triggering of T h 2 cells may also occur at the draining LN by encountering self-antigen, but a small fraction of circulating T h 2 cells also could pass through the focal lesion and be further activated. Such a scheme might be applicable to many T cell-mediated autoimmune disorders, but the actual mechanisms of the disease onset and subsequent processes of inflammation remain to be elucidated. 
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